Background-Atrial fibrillation is common among older persons. Catheter ablation is increasingly used in patients for whom medical therapy has failed. Methods and Results-We conducted a retrospective cohort study of all fee-for-service Medicare beneficiaries Ն65 years of age who underwent catheter ablation for atrial fibrillation between July 1, 2007, and December 31, 2009. The main outcome measures were major complications within 30 days and mortality, heart failure, stroke, hospitalization, and repeat ablation within 1 year. A total of 15 423 patients underwent catheter ablation for atrial fibrillation. Mean age was 72 years; 41% were women; and Ͼ95% were white. For every 1000 procedures, there were 17 cases of hemopericardium requiring intervention, 8 cases of stroke, and 8 deaths within 30 days. More than 40% of patients required hospitalization within 1 year; however, atrial fibrillation or flutter was the primary discharge diagnosis in only 38.4% of cases. Eleven percent of patients underwent repeat ablation within 1 year. Renal impairment (hazard ratio, 2.07; 95% confidence interval, 1.66 -2.58), age Ն80 years (hazard ratio, 3.09; 95% confidence interval, 2.32-4.11), and heart failure (hazard ratio, 2.54; 95% confidence interval, 2.07-3.13) were major risk factors for 1-year mortality. Advanced age was a major risk factor for all adverse outcomes. Conclusions-Major complications after catheter ablation for atrial fibrillation were associated with advanced age but were fairly infrequent. Few patients underwent repeat ablation. Randomized trials are needed to inform risk-benefit calculations for older persons with drug-refractory, symptomatic atrial fibrillation. (Circulation. 2012;126:2200-2207.)
A trial fibrillation is the most common sustained arrhythmia in clinical practice, particularly among older patients. Prevalence doubles with each decade of life, 1,2 and lifetime risk is as high as 22% to 26%. 3, 4 More than 2 million people Ն65 years of age in the United States have atrial fibrillation. 5 This growing epidemic is costly 6 and complicates the management of concurrent medical disorders. In addition to greater risk of stroke, 7 heart failure, 8, 9 and cognitive impairment, 10 atrial fibrillation is associated with lower quality of life. 11 Patients frequently suffer from debilitating symptoms despite attempts at rate or rhythm control. Recurrence associated with antiarrhythmic drug therapy is high, usually exceeding 50% at 1 year. 12 
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During the past decade, catheter ablation has emerged as an increasingly common option for rhythm control among patients for whom medical therapy has failed. 13 A meta-analysis of small randomized clinical trials reported that, compared with antiarrhythmic drug therapy, catheter ablation reduced rates of atrial fibrillation and cardiovascular hospitalization at 1 year. 14 On the basis of these studies, guidelines recommend catheter ablation for medically refractory atrial fibrillation in patients with paroxysmal and persistent atrial fibrillation. 15 However, clinical trials have enrolled relatively young patients with limited comorbidity. The objective of our analysis was to describe the use of catheter ablation for atrial fibril-lation and associated outcomes in the US Medicare population.
Methods

Data Sources
We obtained inpatient, outpatient, and carrier claim files and the corresponding denominator files from the US Centers for Medicare & Medicaid Services for all Medicare beneficiaries who underwent intracardiac catheter ablation between January 1, 2007, and December 31, 2009 . The inpatient files contain institutional claims for facility costs covered under Medicare Part A. The outpatient files contain outpatient provider claims covered under Medicare Part B. The carrier files contain noninstitutional provider claims for services covered under Medicare Part B. The denominator files contain beneficiary demographic characteristics, dates of death, and program eligibility and enrollment information. We limited our analyses to fee-for-service Medicare beneficiaries Ն65 years of age and living in the United States. The institutional review board of the Duke University Health System approved the study.
Study Population
We searched carrier claims submitted between July 1, 2007, and December 31, 2009 , for reports of intracardiac catheter ablation (Healthcare Common Procedure Coding System [HCPCS] code 93651) and a primary diagnosis of atrial fibrillation (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code 427.31). To improve specificity, we excluded patients who underwent atrioventricular node ablation (HCPCS code 93650) and patients with a secondary diagnosis of anomalous atrioventricular excitation (ICD-9-CM code 426.7) or paroxysmal supraventricular tachycardia (ICD-9-CM code 427.0) on the catheter ablation claim. For patients with multiple claims for catheter ablation, we defined the earliest as the index procedure. To assess comorbid conditions, we required continuous enrollment in fee-forservice Medicare for 6 months before the index procedure; therefore, the minimum age was 65.5 years. We matched index carrier claims to inpatient or outpatient institutional claims and retained Medicare hospital identifiers and service dates.
Demographic characteristics included age, sex, race, and state of residence. We used self-reported race categories of black and white and combined all other categories as "other." On the basis of state of residence, we grouped beneficiaries into 4 geographic regions. For clinical characteristics, we used previously validated coding algorithms to search claims in the 180 days before the index procedure for evidence of cancer, cerebrovascular disease, chronic obstructive pulmonary disease, dementia, diabetes mellitus, heart failure, hypertension, ischemic heart disease, peripheral vascular disease, renal disease, stroke or transient ischemic attack (TIA), and valvular heart disease. Specifically, we used the coding algorithm described by Tirschwell and Longstreth 16 for stroke or TIA. For all other conditions, we used the coding algorithms described by Birman-Deych et al 17 and Quan et al. 18 We used the approach of Gage et al 19 to define the CHADS 2 score.
Outcomes
We assessed outcomes up to 1 year after the index procedure. All-cause mortality was based on death dates in the Medicare denominator files. Other outcomes included stroke or TIA, 16 pericardial effusion or cardiac tamponade (ICD-9-CM code 423.0 or 423.3 on an inpatient claim or HCPCS code 33010 on a carrier claim), myocardial infarction (ICD-9-CM code 410.x1 as primary diagnosis on an inpatient claim), heart failure (ICD-9-CM code 428.x, 402.x1, 404.x1, or 404.x3 as primary diagnosis on an inpatient claim), and vascular complications requiring surgery (using the algorithm described by Ellis et al 20 ) . When calculating rates of all-cause hospitalization, we excluded inpatient claims for the index procedure, interhospital transfers, and admissions for rehabilitation. We categorized the reasons for the first new hospitalization according to a primary diagnosis of atrial fibrillation or atrial flutter (ICD-9-CM code 427.31 or 427.32), other cardiac diagnoses (ICD-9-CM code 390.x-398.x, 402.x, or 404.x-429.x), 21 or other noncardiac diagnoses. Identification of repeat catheter ablation was the same as for the index procedure except that the service date was Ͼ30 days after the index procedure.
Statistical Analysis
We present frequencies with percentages for categorical variables and means with standard deviations for continuous variables. We report the use of catheter ablation as a count of all index procedures between July 1, 2007, and December 31, 2009, overall and stratified by age, sex, and race.
We report unadjusted outcome rates overall and stratified by age, sex, and race. Thirty-day outcomes included mortality, stroke or TIA, pericardial effusion, myocardial infarction, and vascular complications requiring intervention. One-year outcomes included mortality, stroke or TIA, heart failure, hospitalization, and repeat ablation. We used Kaplan-Meier methods to estimate unadjusted outcomes. In a sensitivity analysis, we examined 30-day unadjusted outcomes among beneficiaries with no diagnosis of atrial flutter in the 6 months preceding the index catheter ablation. We examined unadjusted and adjusted associations between outcomes and patient characteristics using Cox proportional hazards models. In multivariable analysis, we adjusted for age, sex, race, geographic region, and comorbid conditions. Analyses of unadjusted and adjusted rates of stroke or TIA and heart failure included only patients who had no such diagnosis in the 6 months before the index procedure. We censored data for patients if they enrolled in Medicare managed care and administratively at the end of follow-up (December 31, 2009). For outcomes other than mortality, we censored data at the time of death. We used robust standard errors to account for hospital-level clustering. The 2-sided significance level was 0.05. We used SAS version 9.2 (SAS Institute Inc, Cary, NC) for all analyses.
Results
Between July 2007 and December 2009, 15 423 patients underwent intracardiac catheter ablation for atrial fibrillation (Table 1) . Mean age was 72 years (SD, 5 years); Ͼ70% of the patients were Ͻ75 years of age. Approximately 40% of the patients were women; Ͼ95% were white; and more than two thirds lived in the South or West. The procedures were performed at 808 sites in the United States. Hypertension (78%) and ischemic heart disease (51%) were prevalent comorbid conditions; debilitating conditions like dementia (0.6%) and stroke (6.4%) were relatively rare.
Adverse outcomes at 30 days were rare ( Table 2) . A total of 120 patients died, for a rate of 8 deaths per 1000 beneficiaries. Mortality was lower among patients Ͻ75 years of age (0.5% versus 1.4%), but there was no difference between men and women (0.8% for both). Similarly, the rate of stroke increased with advancing age but was consistent between men and women. Myocardial infarction (0.3%) and vascular complications (0.5%) occurred rarely. Pericardial effusion or cardiac tamponade requiring pericardiocentesis was the most common adverse event (17 per 1000 beneficiaries). Women developed pericardial effusion more often than men (2.2% versus 1.4%; Tables I and II in the online-only Data Supplement). New hospitalizations within 30 days occurred in 12.3% of patients. Within 90 days, this rate increased to 20.3%. After multivariable adjustment, several factors were associated 30-day mortality, including advancing age, chronic obstructive pulmonary disease, diabetes mellitus, heart failure, and renal disease ( Table II in the online-only Data Supplement). When we excluded patients with atrial flutter in the previous 6 months, rates of adverse outcomes at 30 days were similar to those in the full cohort ( Table III in the online-only Data Supplement). Table 3 shows the 1-year outcomes. Within 1 year, 468 patients died (38 per 1000 beneficiaries). The association with mortality was strongly related to advancing age: Patients Ն80 years of age had a risk of death almost 5 times higher than patients Յ69 years of age (10.3% versus 2.1%). Although the number of black beneficiaries in the cohort was small (nϭ278), black patients were 3 times more likely than white patients to die within 1 year. Women developed heart failure more often than men. More than 40% of patients required hospitalization within the year after the procedure. Hospitalization for atrial fibrillation or atrial flutter was the primary discharge diagnosis in 38% of cases, other cardiovascular reasons in 19%, and noncardiac reasons in 43%.
Almost 11% of patients underwent a repeat ablation procedure. Patients Յ69 years of age were more than twice as likely as patients Ն80 years of age to undergo repeat ablation (13.1% versus 6.2%). The Figure shows the cumulative incidence of hospitalization, repeat ablation, stroke, and all-cause mortality.
In the multivariable analysis of 1-year outcomes, advanced age was a major risk factor for all adverse outcomes of interest ( 
Discussion
We analyzed outcomes of Ͼ15 000 Medicare beneficiaries who underwent catheter ablation for atrial fibrillation. Our findings suggest that complication rates associated with catheter ablation in older patients are low but increase with advancing age. Moreover, hospitalization is common after catheter ablation. Approximately 40% of patients were hospitalized within 1 year after the procedure. Renal impairment, advanced age, and heart failure were risk factors for 1-year mortality.
For every 1000 catheter ablation procedures, there were Ϸ8 deaths (0.8%), 8 cases of stroke (0.8%), and 17 cases of pericardial effusion or tamponade (1.7%) within 30 days. Our analysis included all fee-for-service Medicare beneficiaries who underwent catheter ablation for atrial fibrillation. A recent analysis of catheter ablation in 4156 patients in California reported a 2.4% risk of stroke, a 2.5% risk of cardiac perforation or tamponade, and a 30-day risk of death of Ϸ0.2%. 22 An international survey of electrophysiologists performing catheter ablation in 16 309 patients at 85 sites reported a 0.15% periprocedural risk of death, a 0.23% risk of stroke, and a 1.31% risk of cardiac tamponade. 23 Previous studies have reached contradictory conclusions about the likelihood of complications after catheter ablation in older patients. Although some studies have found similar complication rates across age categories, 24, 25 others have suggested increased risks. 22, 26 In our study, complication rates were higher among patients Ն70 years of age. For example, the 30-day risk of death was 0.5% among patients Յ69 years of age compared with 1.8% among patients Ն80 years of age. We found unexpectedly that the risk of complications was similar among men and women, although women had a greater risk of pericardial effusion. Women in other studies experienced higher rates of vascular complications after interventional procedures, including catheter ablation. 27, 28 Catheter ablation performed in the South was associated with a higher risk of major complications, perhaps because of the higher prevalence of comorbid conditions in the region. 29 Our findings provide some reassurance about the safety of catheter ablation in older patients. Given that 1-year mortality among unselected Medicare beneficiaries with incident atrial fibrillation is Ϸ25%, 5 the 1-year mortality rate of 3.8% we observed is relatively low in comparison. Considering further that one-quarter of the patients in our study had chronic obstructive pulmonary disease and another quarter had heart failure, the mortality rate was remarkably low.
Data from randomized, controlled trials suggest that there is a significantly lower risk of cardiovascular hospitalization after catheter ablation compared with antiarrhythmic drug therapy. 14 Other information on the frequency of cardiovascular or all-cause hospitalizations is sparse, especially for older patients. In our cohort, new hospitalizations occurred in 12% of patients at 30 days, 20% at 90 days, and 43% at 1 year. However, Ͻ40% of hospitalizations within 1 year were associated with a primary diagnosis of atrial fibrillation or atrial flutter. In addition, few hospitalizations were for major cardiovascular events such as stroke (2.1%) and heart failure (2.5%). These findings are similar to results of a recent analysis of data from California showing hospitalization rates of 9% at 30 days and 39% at 1 year in a younger population. 22 Acknowledging that the major cardiovascular hospitalization rates in our analysis occurred among patients who did not have events in the previous 6 months, the rates we observed are comparable to rates in other Medicare postprocedural data. We found a 43% hospitalization rate after catheter ablation; however, among all fee-for-service Medicare beneficiaries, hospitalization within 1 year after any surgical procedure is 47%. 30 Consistent with other recent findings in the Medicare population, we found significant regional variation in all-cause hospitalization. 31 Factors contributing to hospitalization after catheter ablation require further investigation.
In our study, the cumulative incidence of stroke after catheter ablation was 0.8% at 30 days and 2.1% at 1 year. Prospective studies are needed to evaluate the long-term risk of stroke and the need for anticoagulation after ablation. Current guidelines recommend long-term anticoagulation therapy after catheter ablation in patients with atrial fibrillation if they are older or at higher risk for cerebrovascular events. 32 Our findings provide indirect observational support for this recommendation.
The rate of repeat ablation within 1 year was 17% in clinical trials and reached 20% to 40% in observational studies. 14, 33, 34 In our study, the rate of repeat ablation Ͼ30 days after the index procedure was Ϸ10%. This low rate in an older, higher-risk population may be explained by patients' reluctance to undergo repeat procedures, physicians' reluctance to perform them, the relatively lower burden of symptoms in older compared with younger patients, 35 and the higher frequency of continued antiarrhythmic therapy in older patients after catheter ablation. 25 Additional research is needed to determine whether symptom relief and postprocedural improvement in quality of life are similar between younger and older patients. Older patients who undergo catheter ablation for atrial fibrillation differ from patients in clinical trials and unselected older adults with atrial fibrillation. The Medicare population has greater comorbidity than recent clinical trial samples. 14 For example, our study population was older (72 versus 56 years), had higher rates of previous stroke or TIA (6.4% versus 1.9%), and had a higher prevalence of diabetes mellitus (23.5% versus 9.5%) than patients with paroxysmal atrial fibrillation in the ThermoCool trial. 36 Compared with an age-and sex-standardized population of otherwise unselected Medicare beneficiaries with prevalent atrial fibrillation, those undergoing catheter ablation had fewer debilitating comorbid conditions such as dementia, heart failure, and stroke. 5 These differences may reflect careful patient selection by referring physicians or electrophysiologists to optimize the effectiveness and safety of catheter ablation in older patients. Although less frequent compared with the overall Medicare population with prevalent atrial fibrillation, a quarter of the patients who underwent catheter ablation had heart failure. Catheter ablation in the context of heart failure was included only recently in treatment guidelines. 15 Outcomes of these patients in particular require further investigation.
The primary goal of catheter ablation for atrial fibrillation is to improve symptoms and quality of life. Accordingly, identifying patients at risk for poor outcomes (including death) is paramount. We identified several factors associated with adverse outcomes. Age Ն80 years, renal impairment, and heart failure were strongly associated with 1-year mortality. Patients Ն80 years of age were also more likely to experience stroke, heart failure, and hospitalization within 1 year. Thus, patients Ն80 years of age should be counseled about the higher risk for complications. A critical question remains unanswered: How do outcomes of older patients who undergo catheter ablation for atrial fibrillation compare with outcomes of older patients with atrial fibrillation who, although eligible, do not undergo catheter ablation? The appropriate comparison group-patients eligible for catheter ablation who do not undergo the procedure-cannot be identified with claims data alone. Pragmatic randomized clinical trials like the Catheter Ablation Versus Antiarrhythmic Drug Therapy for Atrial Fibrillation trial (www.clinicaltrials.gov; registry number NCT00911508) will address both the efficacy and the net clinical benefit of catheter ablation, including its impact on incident stroke and mortality. However, the effectiveness of catheter ablation in routine clinical practice will be more challenging to address. Even a nationwide registry would be ill equipped to address the question because registries do not include comparable patients who are eligible for but do not receive the therapy.
Our study has some limitations. First, no procedure code indicates catheter ablation for atrial fibrillation specifically. We combined nonspecific codes for catheter ablation with diagnosis codes for atrial fibrillation to identify the procedures of interest. Our approach is comparable to previously published coding algorithms. 20, 37 Second, claims data do not distinguish between types of atrial fibrillation. Outcomes after catheter ablation are influenced by the type of atrial fibrillation, and guideline recommendations are strongest for patients with paroxysmal and medically refractory atrial fibrillation. 15 Moreover, it is possible that patients with atrial flutter and atrial fibrillation underwent right-sided ablation of atrial flutter with concomitant miscoding of atrial fibrillation as a primary diagnosis. This miscoding may have led to an underestimate of complication rates, although a sensitivity analysis excluding patients with atrial flutter yielded similar results. Third, no data on preprocedural or postprocedural drug therapy were available. Fourth, billing codes for complications such as hemopericardium and vascular complications requiring surgery are specific but lack sensitivity. Therefore, we may have underestimated the rates of these complications. Fifth, the study population included few patients from racial and ethnic minority groups; thus, we had limited power to examine factors associated with outcomes by race and ethnicity. Finally, the generalizability of our findings to younger patients and those enrolled in Medicare managed care plans is unclear.
Conclusions
Medicare beneficiaries who underwent catheter ablation for atrial fibrillation were older and had greater comorbidity than participants in clinical trials. Major complications after catheter ablation for atrial fibrillation were relatively infrequent. Randomized trials are needed to assess the efficacy of catheter ablation for atrial fibrillation in older adults and to better inform risk-benefit calculations for older patients with drug-refractory, symptomatic atrial fibrillation. 
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